I. Introduction
The sub-barrier fusion provides a method to test the nuclear potential on the inner side of the interaction barrier and to gain information on the influence of nuclear structure upon the behavior of nuclear matter and dynamics of nuclear reactions, specially for energies where penetrability effects are considered. The sub-barrier fusion cross section presents an unexpected enhancement, as compared with conventional models of tunneling through a one-dimensional penetration model, which successfully describes fusion above the Coulomb barrier.
For sub-barrier fusion of two massive nuclei, it was discovered that there was several orders of magnitude more than sub-barrier, could be accounted in terms of quantal tunneling through the fusion barrier. The quantum mechanical barrier penetration effects play a central role in near-and sub-barrier fusion reactions, where the fusion cross section has been vanished suddenly as the bombarding energy becomes less than the interaction barrier.
Fusion Barrier
The probability of fusion of two heavy ions at energies below their mutual interaction barrier, is defined by a barrier radius given due to different reasonable forms [1, 2] as:
where r i is referring to the height and extension of the barrier, and has a critical value [3] as r c =1.3 . The total energy V T required for a specified reaction channel [3, 4, 5, 6 ] is related to barrier height V B by:
where V c , V n and V L are the Coulomb, nuclear and centrifugal forces respectively. The motion of the binary system is then described by Schrödinger equation:
Effect of Barrier Height on Nuclear Fusion DOI: 10.9790/4861-0901010816 www.iosrjournals.org 9 | Page where E is the excitation energy in the center of mass system. In order for fusion reactions to occur, the barrier height V B created by the strong cancellation between the repulsive Coulomb force V C and the attractive nuclear interaction V n has to be overcome. The nuclear force may be used in different forms and also based on different interpretations for the attraction between nuclei. Four forms of them are in high range of usage, namely:
1-The proximity potential which is based [4] upon the liquid drop model:
2-The unified model, which is based [4] on the collective model:
3-Woods -Saxon form represents [5] that force as
R d ,R 0 are the reduced and half density radius , a is the diffusivity and  is the average value of both the projectile and target surface tension .
4-R. Bass potential [6] , presented in terms of the liquid drop model as :
With d = 1.35 and δ are the diffusivity and the specific surface energy and
is the sum of the half-maximum density radii. Both of these potentials are actively used for various ranges of ion masses and excitation energies. The many degrees of freedom quantum tunneling which is often called macroscopic quantum tunneling was firstly treated by Dasso and ,Broglia [7, 8] , in which the tunneling degree of freedom ( the elastic or entrance channel ) couples to the internal degrees of freedom ( the transfer and inelastic channels ). The concept of the distribution of barriers can be easy visualized classically when one of the interacting nuclei is deformed; this results in a dependence of the fusion barrier height on the orientation of the deformed nucleus and leads to a continuous distribution of potential barriers which extends below and above the conventional coulomb barrier
Fusion Cross Section
The reaction cross section through a definite channel of an energy E has been given by WKB approximation as a summation over all penetrating partial waves [9] .
where  , T l (E) and P l (E) are reduced De Broglie wave length of the incident ion, the transmission coefficient and the probability of penetration respectively . For fusion we assume  rec =  fus and 1  
Where  is the harmonic oscillator frequency or curvature parameter. A logarithmic form is given by Wong as :
A sharp cut-off approximation assumes that relative angular momentum l smaller than a particular critical angular momentum l cr contribute to complete fusion, while higher values of l fus are associated with direct
Heavy-ion-induced fusion reactions can be treated classically and the cross sections are decomposed into partial ones corresponding to orbital angular momentum. This approximation gives the fusion cross section [10] similar to that given by equation (8) replacing l max by l fus as shown in equation (9 ) . When applying the form on the measured data from more recent references we can deduce the critical l cr values as :
Angular Momentum Limits
The formed composite nucleus by the complete fusion will decay either by fission or by evaporation. The evaporation residues cross section will represent :
Where as,
is the specific angular momentum at which the partial level width for fission is equal to that for evaporation . For l › max l the real potential no longer has a pocket, and so the cross section formula, eq. (12) in Sharp Cut-Off approximation tends to be
The linear relation ( fus , 1/E cm ) leads to extraction of fusion radius as the maximum distance at which fusion can take place. This form has been used for a long time to predict the compound nucleus formation cross-section and it is also commonly used for the heavy-ion fusion reaction (figs. 1.a,1.b).
II. One Dimension Empirical Formula for Fusion (ODEFF)
Many years ago, using an empirical model called elastic model given by Scalia, we tried to make check and extension [11] on the study of fusion excitation functions for wider range of energies as well as wider range of interacting pairs and found that it is more significant and simpler for use. Similarly, it is well known that the barrier height could be deduced, using recently measured data, as the slope of the linear plot of eq.(12) . When applying this method for some recently measured data we calculate [12] is the more applicable for the range 800 ‹ Z ≤ 3000 as we will check in the next section. We make the required comparisons using either the calculated or measured data. Three sets of data are taken in consideration for comparisons, the recently calculated barriers using both of unified or proximity nuclear forms, those calculated using Kumari and Puri empirical [14] form eq. (13 ),and those given by Ishiwara Dutt and R. K. Puri [15] .
III. Results and Discussion
In this work, we deduce a new empirical function ( ODEFF function ) and make checks and normalization to be: At energies near and above the Coulomb barriers, using four nucleus-nucleus interaction potentials, and three different forms for  fus are employed eqs. (8.a,8 .b,9) in order to fit available measured fusion cross sections as shown in Table(1) . It is found enhanced values in comparison with the 1D BPM predictions. It is found also that the degree of enhancement strongly depends on the type of the target nucleus; spherical or deformed. We found also, that the unified and R. Bass nuclear formula are the joker for fitting measured excitation functions near the barrier or even when exceeding up to twice its value. The unified potential points out successful predictions of data for the intermediate ion reactions through both formulas. On the other hand, the success of the proximity potential comes next to that of R. Bass and unified models under the same circumstances and poor fits with data are obtained by it. Also we found that when the charge product Z P Z T has a large value (heavy nuclei reactions), the smooth cut-off approximation (8.a,8.b) is the best to successfully predict the experimental data. For light nuclei systems (relatively low charge product Z P Z T ), both of the smooth cut-off approximation and Wong formulas produce reasonable predictions using either unified or R. Bass. On the other hand, the proximity potential through the smooth cut-off approximation successfully reproduces the experimental data. Predictions of the Bass potential reveal reasonable agreement with data. This result may resemble the significant difference in depth between this potential and the others and the low level agreement for some pairs may be interpreted as results of nature and strength of the couplings. Thus lies in the distribution of fusion barrier and the experimental determination of this distribution, which are major steps for understanding heavy-ion fusion. The results of fitting are shown on figs.(6.1-6.14). The last note will be the main point of interest for research in the preceding work to interpret the effect of barrier distribution on fusion excitation functions.
IV. Conclusion
The ODEFF function has been checked and normalized to give the final form (14.a and 14.c ), is a simple and easier form. Also it is a very high accurate form predicting the barrier height of fusion for any X + Y interacting pair. The cross sections at low energies then result from passage over the lower barriers rather than penetration through the single barrier. Information on the nature and strength of the couplings thus lies in the Table(I) Barrier radius R fus (fm) and heights V B (Mev) and maximum angular momentum of the concerned interacting pairs. In the three columns it is given the nuclear model used to fit, fig. number and reference for measured data. (Table  1) . The unified and R. Bass nuclear formula are the joker for fit near and above up to twice the barrier. When Z P Z T has a large value, the smooth cut-off approximation is the best for successful predictions. For low charge product Z P Z T , both of the smooth cut-off approximation and Wong formulas produce reasonable predictions. On the other hand, the proximity potential and smooth cut-off approximation, fits successfully the experimental data. The low level agreement for some pairs may be interpreted as results of nature and strength of the couplings.
